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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an electronic camera (or an image processing 
program) in which correction processing of image data caused by an imaging lens is 
performed automatically. 

SOLUTION: The electronic camera comprises an imaging section generating image 
data by picking up the image of an object being formed on the imaging plane through 
an imaging lens, and a correcting section for correcting limb darkening of the imaging 
lens, or the like, based on the lens information concerning limb darkening of the 
imaging lens. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The electronic camera characterized by having picturized the photographic 
subject image formed on an image pick-up side through a taking lens, and having the 
image pick-up section which generates image data, and the amendment section which 
amends limb darkening of said image data based on the lens information about limb 
darkening of said taking lens. 

[Claim 2] It is the electronic camera which said lens information is opening data about 
two or more locations and paths of a pupil which are optically formed in said taking 
lens in an electronic camera according to claim 1, and is characterized by for said 
amendment section to amend the luminance distribution of said image data in the 
direction which computes the quantity of light distribution which arrives at said image 
pick-up side through said two or more pupils, and erases said quantity of light 
distribution inside based on said opening data. 



[Claim 3] The electronic camera characterized by having picturized the photographic 
subject image formed on an image pick-up side through a taking lens, and having the 
image pick-up section which generates image data, and the amendment section which 
amends the distortion aberration of said image data based on the lens information 
about the distortion aberration of said taking lens. 

[Claim 4] Said amendment section is an electronic camera with which said lens 
information is the correspondence relation between "the image quantity h of said 
taking lens", and the "image quantity ' hO of the ideal image point", and it is 
characterized by carrying out location amendment of the pixel location of said image 
data in the direction in which said image quantity h carrie.s out abbreviation 
coincidence at said image quantity hO in an electronic camera according to claim 3 
based on said correspondence relation. 

[Claim 5] The electronic camera characterized by having picturized the photographic 
subject image formed on an image pick-up side through a taking lens, and having the 
image pick-up section which generates image data, and the amendment section which 
amends the far and near distortion of said image data based on the lens information 
about the far and near distortion of said taking lens. 

[Claim 6] It is the electronic camera characterized by for said lens information being 
the lens information about the include angle of the lens optical axis at the time of 
photography, and said amendment section carrying out location amendment of the 
pixel location of said image data in the direction which erases a far and near distortion 
produced in said image data inside based on the include angle of said lens optical axis 
in an electronic camera according to claim 5. 

[Claim 7] The electronic camera characterized by having an operating member for 
prohibition of the amendment which forbids amendment processing of said image data 
based on said amendment section in an electronic camera given in any 1 term of claim 
1 thru/or claim 6. 

[Claim 8] The electronic camera characterized by having the file-generating section 
which picturizes the photographic subject image formed on an image pick-up side 
through a taking lens, combines the image pick-up section which generates image 
data, limb darkening of said taking lens, distortion aberration and the lens information 
about at least one of the far and near distortion, and the image data generated in said 
image pick-up section, and generates an image file. 

[Claim 9] It is the electronic camera which said taking lens is an exchangeable lens in 
an electronic camera given in any 1 term of claim 1 thru/or claim 8,. and is 
characterized by having performed said taking lens and information communication 
link with which said electronic camera was equipped, and having the information 
acquisition section which acquires said lens information from said taking-lens side. 
[Claim 10] The image pick-up section which picturizes the photographic subject image 
formed on an image pick-up side through a taking lens, and generates image data, It 



has the amendment section which gives at least two of limb-darkening amendment, 
distortion aberration amendment, chromatic-aberration-of-magnification amendment, 
and far and near distortion amendments to said image data. Said amendment section 
The electronic camera characterized by performing amendment performed, to said 
image data by the priority of ** limb-darkening amendment, ** distortion aberration 
amendment, chromatic-aberration-of-magnification amendment, and ** distance 
distortion amendment. 

[Claim 11] The record medium which recorded the image-processing program for 
making it function as the image data acquisition section which reads image data for a 
computer from an image file, the information acquisition section which reads limb 
darkening, distortion aberration, and the lens information about at least one of the far 
and near distortion from said image file, and the amendment section which amends 
said image data based on said lens information acquired from said image file and in 
which machine reading is possible. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electronic camera which 
picturizes a photographic subject image and generates image data. This invention 
relates to the image-processing program for performing an image processing to image 
data, and its record medium. 
[0002] 

[Description of the Prior Art] Carrying out the image processing of the image data 
photoed with the electronic camera on a computer conventionally is often performed. 
Amendment processing of the fault which originates in taking lenses, such as - 
distortion aberration amendment, limb-darkening amendment, color gap amendment, 
and far and near distortion amendment, in such an image-processing program was also 
possible. 
[0003] 

[Problem(s) to be Solved by the Invention] By the way, in such a conventional 
image-processing program, after the user chose the item of amendment processing, 
the amount of amendments needed to be adjusted in detail. Therefore, the user had to 
determine the amount of amendments proper about image data each in detail, and had 
the trouble of taking time and effort. Since the amount of amendments and an 
amendment item were various with the class of taking lens used at the time of 
photography when processing image data [ finishing / a lot of photography ] especially, 



there was a trouble of becoming a troublesome activity. 

[0004] Moreover, in the conventional image-processing program, a user determines 
the sequence of amendment processing freely. Therefore, there was a possibility that 
amendment processing might be performed in unsuitable sequence. When two or more 
amendments in unsuitable sequence were made, there was a trouble of giving a 
complicated distortion unrestorable in an image. Then, the purpose of this invention is 
offering the electronic camera which determines the amount of amendments of image 
data proper. Moreover, other purposes of this invention are offering the 
image-processing program which determines the amount of amendments of image 
data proper, and its record medium. Moreover, other purposes of this invention are 
determining the sequence of amendment processing of image data proper. 
[0005] 

[Means for Solving the Problem] In order to solve the technical problem mentioned 
above, invention of each claim is constituted as follows. 

[0006] «claim 1» Invention according to claim 1 picturizes the photographic subject 
image formed on an image pick-up side through a taking lens, and is characterized by 
having the image pick-up section which generates image data, and the amendment 
section which amends limb darkening of image data based on the lens information 
about limb darkening of a taking lens. 

[0007] «claim 2» Invention according to claim 2 is opening data about two or more 
locations and paths of a pupil which are formed optically [ lens information ] to a 
taking lens in an electronic camera according to claim 1, and the amendment section 
computes the quantity of light distribution which arrives at an image pick-up side 
through two or more pupils based on opening data, and is characterized by amending 
the luminance distribution of image data in the direction which erases quantity of light 
distribution inside. 

[0008] «claim 3» Invention according to claim 3 picturizes the photographic subject 
image formed on an image pick-up side through a taking lens, and is characterized by 
having the image pick-up section which generates image data, and the amendment 
section which amends the distortion aberration of image data based on the lens 
information about the distortion aberration of a taking lens. 

[0009] «claim 4» In an electronic camera according to claim 3, the lens information 
of invention according to claim 4 is the correspondence relation between "the image 
quantity h of a taking lens", and the "image quantity hO of the ideal image point", and 
the amendment section is characterized by the image quantity h carrying out location 
amendment of the pixel location of image data in the direction which carries out 
abbreviation coincidence at the image quantity hO based on correspondence relation. 
[0010] «claim 5» Invention according to claim 5 picturizes the photographic subject 
image formed on an image pick-up side through a taking lens, and is characterized by 
having the image pick-up section which generates image data, and the amendment 



section which amends the far and near distortion of image data based on the lens 
information about the far and near distortion of a taking lens. - 

[0011] «claim 6» Invention according to claim 6 is the lens information concerning 
[ lens information ] the include angle of the lens optical axis at the time of 
photography in an electronic camera according to claim 5, and the amendment section 
is characterized by carrying out location amendment of the pixel location of image 
data based on the include angle of a lens optical axis in the direction which erases a 
far and near distortion produced in image data inside. 

[0012] «claim 7» Invention according to claim 7 is characterized by equipping any 1 
term of claim 1 thru/or claim 6 with the operating member for prohibition of the 
amendment which forbids amendment processing of the image data based on the 
amendment section in the electronic camera of a publication. 

[0013] «claim 8» Invention according to claim 8 is characterized by having the 
file-generating section which picturizes the photographic subject image formed on an 
image pick-up side through a taking lens, combines the image pick-up section which 
generates image data, limb darkening of a taking lens, distortion aberration and the 
lens information about at least one of the far and near distortion, and the image data 
generated in the image pick-up section, and generates an image file. 
[0014] «claim 9» Invention according to claim 9 is characterized by for a taking lens 
being an exchangeable lens, having performed the information communication link with 
the taking lens with which the electronic camera was equipped, and equipping it with 
the information acquisition section which acquires lens information from a taking-lens 
side in an electronic camera given in any 1 term of claim 1 thru/or claim 8. 
[0015] «claim 10» Invention according to claim 10 picturizes the photographic 
subject image formed on an image pick-up side through a taking lens. As opposed to 
the image pick-up section which generates image data, and image data 
Limb-darkening amendment, It has the amendment section which gives at least two of 
distortion aberration amendment, chromatic-aberration-of-magnification amendment, 
and far and near distortion amendments, and the amendment section is characterized 
by performing amendment performed to image data by the priority of ** 
limb-darkening amendment, ** distortion aberration amendment, 
chromatic-aberration-of-magnification amendment, and ** distance distortion 
amendment 

[0016] «claim 11» The image-processing program for making it function as the 
information acquisition section which reads limb darkening, distortion aberration, the 
chromatic aberration of magnification, and the lens information about at least one of 
the far and near distortion, and the amendment section which amends image data 
based on the lens information acquired from the image file from the image data 
acquisition section which reads image data for a computer from an image file, and an 
image file is recorded on a record medium according to claim 1 1 . 



[0017] 

[Embodiment of the Invention] Hereafter, based on a drawing, the operation gestalt 
concerning claims 1-11 is explained. Drawing 1 is drawing showing an electronic 
camera 11 and a computer 31. An electronic camera 11 is equipped with the 
exchangeable taking lens 1 2 in drawing 1 . Memory 1 2in lens a which memorizes lens 
information etc., and MPU12in lens b which performs system control in a lens are built 
in this taking lens 1 2. On the other hand, the image pick-up side of an image sensor 1 3 
is arranged in the image space of a taking lens 12. The output of an image sensor 13 is 
connected to a bus 16 through the A/D-conversion section 14 and the 
signal-processing section 1 5. 

[0018] The following configuration is connected to this bus 16. 
** Inside MPU of a camera for system controls 0 [ Micro ] Processor Unit17** image 
data etc. To the memory 16a** image data for memorizing, amendment processing 
The inside MPU 1 7 of the external interface 22 for data to exchange between the 
computers 31 of the record playback section 20** exterior which performs the record 
processing and regeneration of the picture compression section 19** memory card 21 
which compress the image amendment section 18** image data to give, in addition a 
camera MPU12in lens b and data communication are performed through lens 
communication link contact 12c prepared in the lens mount section. Moreover, 
amendment switch 17a for performing ON / off setup of amendment processing is 
prepared in an electronic camera 1 1 . The switch output of this amendment switch 1 7a 
is inputted in [ MPU / 17 ] a camera. 

[0019] The correspondence relation of the configuration of this operation gestalt and 
this invention which were mentioned above is explained below [correspondence 
relation with this invention]. In addition, correspondence relation here does not 
illustrate one interpretation for reference, and does not limit this invention to ** and 
others. 

[0020] About the correspondence relation between the items mentioned of claims 1-6, 
and this operation gestalt, the image pick-up section corresponds to an image sensor 
13, and the amendment section corresponds to the image amendment section 18. 
About the correspondence relation between the items mentioned of claim 7 t and this 
operation gestalt, an operating member corresponds to amendment switch 1 7a. About 
the correspondence relation between the items mentioned of claim 8, and this 
operation gestalt, the image pick-up section corresponds to an image sensor 13, and 
the file-generating section corresponds to the picture compression section 19 and 
the record playback section 20. About the correspondence relation between the items 
mentioned of claim 9, and this operation gestalt, a taking lens is equivalent to a taking 
lens 12, and the information acquisition section corresponds in [ MPU / 17 ] a camera. 
About the correspondence relation between the items mentioned of claim 10, and this 
operation gestalt, the image pick-up section corresponds to an image sensor 13, and 



the amendment section corresponds to the image amendment section 18. About the 
correspondence relation between the items mentioned of claim 11, and this operation 
gestalt, a computer is equivalent to a computer 31 and a record medium corresponds 
to the hard disk or system memory in the record medium 32 shown in drawing 1 , or a 
computer 31. 

[0021] [Actuation explanation of electronic camera 11] drawing 2 is a flow chart 
explaining actuation of an electronic camera 11. Hereafter, actuation of an electronic 
camera 1 1 is explained in order of the step number shown in drawing 2 . 
[0022] Step SI: According to actuation of release ** (un-illustrating) of an electronic 
camera 11, the inside MPU 17 of a camera controls an image sensor 13 and a taking 
lens 1 2, and performs image pick-up actuation. The sequential output of the image 
data is carried out from an image sensor 13 by this image pick-up actuation. After this 
image data is digitized through the A/D-conversion section 14, it is given to the 
signal-processing section 1 5. The signal-processing section 1 5 once accumulates the 
image data after processing in memory 16a, after performing a gamma correction, 
black level amendment, etc. to real time to this image data. 

[0023] Step S2: The signal-processing section 15 performs color interpolation 
processing in detail to the image data in this memory 1 6a, and the color component of 
RGB generates all pixel ****** image data. 

[0024] Step S3: The inside MPU 17 of a camera performs MPU12in lens b by the side 
of a taking lens 12, and a communication link, and acquires the lens information used 
for amendment processing of image data. This lens information consists of following 
data constellations. 

** The data table D about the distortion aberration at the time of the opening data ** 
image pick-up at the time of an image pick-up (h) 

** Photographic subject distance s1 (distance from the focus side of a photographic 
subject to the before [ a taking lens 12 ] side principal point) found from the lens 
location at the time of the focal distance f** image pick-up at the time of theta** 
image pick-up whenever [ optical axial angle / at the time of an image pick-up ] 
[0025] Step S4: Here, the inside MPU 17 of a camera judges the switch condition of 
amendment switch 17a. When amendment switch 17a is an OFF state, the inside MPU 
1 7 of a camera shifts actuation to step S5. On the other hand, when amendment 
switch 17a is an ON state, actuation is shifted to step S7. 

[0026] Step S5: The picture compression section 19 carries out picture compression 
of the image data, and generates a picture compression file. 

[0027] Step S6: The record playback section 20 stores in the header unit of this 
picture compression file the lens information acquired at step S3. After such 
actuation, the inside MPU 1 7 of a camera omits the amendment processing of image 
data mentioned later, and shifts actuation to step S15. 

[0028] Step S7: The image amendment section 1 8 acquires opening data out of the 



lens information acquired at step S3. This opening data is the information about two or 
more locations and paths of a pupil (opening images which appear from an image 
space side, such as "a diaphragm'', a "lens-barrel wall", and a "lens frame") which are 
optically formed in a taking lens 1 2. The image amendment section 1 8 computes the 
quantity of light distribution which arrives at an image pick-up side by passing two or 
more of these pupils in order, computes the correction factor which erases change of 
that quantity of light distribution inside, and creates an amendment table. 
[0029] Hereafter, the view of. the computation of this opening data is explained. 
Drawing 3 is drawing showing typically the physical relationship of the image pick-up 
side of an image sensor 13, and two pupils A1 and A2. In drawing 3 , from an image 
pick-up side, only distance D1 separates and the pupil A1 of a radius r1 is arranged. 
Moreover, from an image pick-up side, only distance D2 separates and the pupil A2 of 
a radius r2 is arranged. Among this, the minute area ds is most considered on the 
coordinate on the outside pupil A2 (x2, y2). This minute area ds is made into the 
perfect diffuse surface of brightness Io. In this case, the brightness da (x y) which 
arrives at the pixel location on an image pick-up side (x y) from this minute area ds is 
[Equation 1]. 
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It becomes. However, all the light that left this pupil A2 does not arrive at an image 
pick-up side. For example, since the light which left minute area ds' shown in drawing 
3 is interrupted by the intermediate pupil A1 , it does not arrive at the pixel location on 
an image pick-up side (x y). Then, it is [Equation 2] when the segment which connects 
the coordinate (x2, y2) of a pupil A2 and the pixel location (x y) of an image pick-up 
side searches for the coordinate (x1, x1) which crosses a pupil A1. 

+ (x2-x) 

D2 
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It becomes. Brightness a (x y) of the pixel location on [ the above formula to ] an 
image pick-up side (x y) is [Equation 3]. 

"fry)- f 2 ,oDl2 7 =-^2^2 

• • ■ [*3] 



It becomes. In addition, the restriction of the integral range in an upper type prepares 
only the number of pupils. If abbreviation of the sensibility of an image sensor 13 is 



equal, the above-mentioned brightness a (x y) will become the quantity of light 
distribution by which photo electric conversion is carried out to an image sensor 13. 
Then, the image amendment section 18 calculates this the [formula 3] by the 
analytical technique or the numerical technique, and asks for brightness a (x y) in two 
or more representation points (x y). (As long as there is no special situation of a taking 
lens 12 containing rectangle opening in addition, the above-mentioned brightness a (x 
y) becomes the optical-axis symmetry.) Then, what is necessary is to change image 
quantity and just to take dozens of number - points as the above-mentioned 
representation point. Moreover, it is still more desirable to ask image data for the 
quantity of light distribution which actually appears by seasoning with the nonlinear 
gradation transfer characteristic of an image sensor 13 and the signal-processing 
section 1 5 brightness a (x y) of the representation point searched for in this way. 
The image amendment section 18 interpolates quantity of light distribution of the 
representation point searched for in this way, and carries out it to a unit required for 
amendment of a pixel unit The image amendment section 1 8 computes the inverse 
number of this quantity of light distribution, and creates an amendment table in quest 
of the correction factor of limb darkening. 

[0030] Next, the case where abbreviation of the sensibility according to direction of 
an image sensor 13 is not equal is explained. In this case, the value of the sensibility 
Sxy (epsilon, phi) according to direction in the pixel location (x y) of an image sensor 
13 is observation ending beforehand, and is stored as a data table in the image 
amendment section 18. In addition, epsilon and phi are whenever [ incident angle / of 
light 1 and as shown in drawing 4 , they are defined, epsilon and phi have the variable 
and the following relation in [a formula 1] whenever [ this incident angle ]. 
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By taking into consideration such sensibility Sxy (epsilon, phi) according to direction, 
brightness a (x y) of the pixel location on an image pick-up side (x y) is [Equation 5]. 

• • • [25] 



It becomes. This brightness a (x y) becomes the quantity of light distribution by which 
photo electric conversion is carried out to an image sensor 13. Then, the image 
amendment section 18 calculates this the [formula 5] by the analytical technique or 
the numerical technique, and asks for brightness a (x y) in two or more representation 



points (x y). (It is still more desirable to ask image data for the quantity of light 



distribution which actually appears by seasoning with the nonlinear gradation transfer 
characteristic of an image sensor 13 and the signal-processing section 15 brightness 
a (x y) of the representation point searched for still in this way.) 
The image amendment section 18 interpolates quantity of light distribution of the 
representation point searched for in this way, and carries out it to a unit required for 
amendment of a pixel unit. The image amendment section 18 computes the inverse 
number of this quantity of light distribution, and creates an amendment table in quest 
of the correction factor of limb darkening. A series of above count approaches enable 
it to obtain the amendment table of limb darkening. 

[0031] Step S8: The image amendment section 18 refers to the amendment table for 
which it asked as mentioned above based on the pixel location of image data, and 
obtains a correction factor one by one. The image amendment section 18 multiplies 
the pixel value of the pixel location where image data corresponds by this correction 
factor. Consequently, limb darkening of image data is amended. 
[0032] Step S9: The image amendment section 18 acquires the data table D about 
distortion aberration (h) out of the lens information acquired at step S3. This data 
table D (h) is defined as follows from the image quantity h and the image quantity hO of 
the ideal image point. 

D(h) =(h-h0)/h0 drawing 5 is drawing in which distortion aberration was visible to and 
having shown relation with a data table D (h) the direction. In addition, such a data 
table D (h) is beforehand stored in every focal distance and photography distance 
(distance from the focus side of a photographic subject to an image pick-up side) at 
memory 12in lens a in a taking lens 12. MPU12in lens b reads the data table D suitable 
for the focal distance and photography distance at the time of photography (h) from 
the inside of this memory, and transmits it as lens information in [ MPU / 17 ] a 
camera. 

[0033] Step S10: The image amendment section 18 is [Equation 6] about the image 
quantity h of each pixel location (x y) of image data. 

h-^x-xcf + iy-yc) 2 ' • • W6] 

************** The image amendment section 1 8 is based on this image quantity h 
and data table D (h), and is [Equation 7]. 




It computes and asks for the ideal location (x\ y') which eliminated the effect of 



distortion aberration per pixel. 

[0034] Step S1 1: The image amendment section 1 8 acquires the include angle theta of 
the lens optical axis at the time of photography out of the lens information acquired at 
step S3. 

[0035] Step S12: Drawing 6 is drawing explaining the generating situation of a far and 
near distortion (distortion resulting from a far and near difference). Drawing 6 A is in 
the condition of the swing-and-tilt photography which used the so-called shift lens. In 
this case, since a photographic subject and an image pick-up side are maintained by 
parallel relation, a far and near distortion is not produced in a photographic subject 
image. On the other hand, drawing 6 B is in the condition currently photoed so that the 
usual taking lens 1 2 may be used and a photographic subject may be looked up at. In 
this case, since the parallel relation between a photographic subject and an image 
pick-up side collapses, a far and near distortion occurs in a photographic subject 
image. Drawing 7 is drawing which looked at the condition of drawing 6 B from the side. 
In this case, the effect of a far and near distortion can be eliminated by moving the 
pixel location (x\ y') of hi' to the pixel location (x1\ yV) of hO\ This pixel location (x1\ 
y1') is [Equation 8]. 
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[However, f is a focal distance and s1 is photographic subject distance.] 
In addition, in s1 »f, it is [Equation 9] like a scenery photograph. 
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It can be alike and can approximate. Then, the image amendment section 18 
substitutes the ideal location (x\ y') for which the [formula 8] or the [formula 9] was 
asked at step S10, and asks for the ideal location (x1\ yV) which eliminated the effect 
of a far and near distortion per pixel. 

[0036] Step S13: The image amendment section 18 rearranges a pixel value based on 
the ideal location (x1\ yV) of each pixel. At this time, the ideal location (x1\ yV) of 
each pixel is not necessarily located in a line at equal intervals. Then, the image 
amendment section 18 prepares the new pixel location divided into the grid at equal 



intervals, and determines the pixel value of the new pixel location by weighting 
addition (interpolation processing) of the pixel value of a nearby ideal location (x1\ y1'). 
The image data which eliminated the effect of limb darkening, distortion aberration, 
and a far and near distortion is generated by such amendment processing (S7-S13). 
[0037] Step S14: The picture compression section 19 carries out picture compression 
of the image data after amendment processing, and generates a picture compression 
file. 

[0038] Step S15: The record playback section 20 records a picture compression file 
on a memory card 21. Actuation of an electronic camera 11 is completed by a series 
of above actuation. 

[0039] [Explanation of image-processing program] drawing 8 is a flow chart explaining 
the image-processing program executed by computer 31. Hereafter, an 
image-processing program is explained according to the step number of drawing 8 . 
[0040] Step S31: A computer 31 elongates a picture compression file and returns it to 
image data. 

[0041] Step S32: A computer 31 judges whether the lens information for image data 
correction (what was stored at the above-mentioned step S6) exists in the header 
unit of a picture compression file. Here, when lens information does not exist, a 
computer 31 ends actuation, without performing amendment processing. On the other 
hand, when lens information exists, a computer 31 shifts actuation to step S37. 
[0042] Steps S33-S39: A computer 31 performs the same amendment processing as 
steps S7-S13 mentioned above based on the lens information acquired from the 
picture compression file. In addition, about detailed explanation, it supposes that the 
above-mentioned explanation of steps S7-S13 is referred to, and explanation here is 
omitted. 

[0043] By a series of above actuation, amendment processing is automatically carried 
out by the computer 31 side to the compression image file which did not perform 
amendment processing with an electronic camera 11. 

[0044] With a [effectiveness etc. books of this operation gestalt] operation gestalt, 
the exact quantity of light distribution which took into consideration ****** of a 
taking lens and the effect of the 4th power rule of cosine based on opening data is 
computed. Therefore, it becomes possible to amend limb darkening correctly. 
[0045] Moreover, with this operation gestalt, distortion aberration amendment is 
performed based on the table data D of distortion aberration (h). Therefore, it 
becomes possible to amend certainly also about complicated distortion of a slack type, 
a not only simple distortion like a spool mold but a military hat mold, etc., etc. 
[0046] Furthermore, a far and near distortion is amended with this operation gestalt. 
Therefore, it becomes possible to obtain simply image data without a far and near 
distortion, without using special lenses, such as a shift lens. 

[0047] Moreover, in an electronic camera 1 1 , amendment processing can be forbidden 



by amendment switch 1 7a. In this case, an electronic camera 1 1 records the lens 
information for image data correction on a picture compression file. Therefore, in an 
electronic camera 1 1 side, it becomes possible to carry out image pick-up actuation 
quickly, without consuming time amount to amendment processing of image data. On 
the other hand, in a computer 31 side, amendment processing based on the lens 
information in a file is carried out to a, non-processed amendment compression image 
file. Therefore, especially in a computer 31 side, time and effort, like a user does the 
directions input of the amount of amendments is not taken, but it becomes possible to 
carry out amendment processing simply and proper. 

[0048] Furthermore, an electronic camera 1 1 acquires lens information from the 
taking lens 1 2 under wearing. Therefore, it becomes possible for an electronic camera 
1 1 to correspond to a variety of interchangeable lenses flexibly, and to always amend 
image data proper. 

[0049] Moreover, with this operation gestalt, amendment processing is performed 
according to the priority of ** limb-darkening amendment, ** distortion aberration 
amendment, and ** distance distortion amendment. In this case, the configuration of 
limb darkening is distorted by location amendment of a pixel location, or it becomes 
possible to avoid fault, like distortion aberration is intricately distorted by amendment 
of a far and near distortion. 

[0050] Furthermore, with this operation gestalt, only location count performs 
interpolation processing of a pixel value for location amendment of distortion 
aberration, and location amendment of a far and near distortion based on a deed and a 
final ideal location (x1\ yV). Therefore, image degradation accompanying repeating 
location amendment of a pixel location can be suppressed as much as possible. 
[0051] With the operation gestalt which is [the supplementary matter of this operation 
gestalt] and which was mentioned above, whenever [ data table / about ** opening 
data and ** distortion aberration / D (h) and optical axial angle / at the time of ** 
image pick-up / theta ], the ** focal distance f, and .** photographic subject distance 
si are acquired from the taking-lens 12 side as lens information. However, this 
invention is not limited to this. For example, of course about the lens information 
directed to the taking-lens 1 2 side from the electronic camera 1 1 side, there is no 
need of acquiring from a taking-lens 12 side anew. Moreover, of course, it does not 
matter by carrying an attitude sensor etc. in an electronic camera 1 1 side even if it 
detects theta whenever [ optical axial angle ] by the electronic camera 1 1 side. 
[0052] Moreover, the operation gestalt mentioned above explained the case where an 
electronic camera 11 continued in image pick-up actuation, and amendment 
processing was performed. However, this invention is not limited to this. For example, 
in order to shorten spacing which can be photoed as much as possible, at the time of 
an image pick-up, only record of image data and lens information may be performed. In 
this case, it is desirable that an electronic camera 1 1 performs amendment processing 



to image data later using the idle time of image pick-up actuation etc. 
[0053] In addition, with the operation gestalt mentioned above, acquisition of lens 
information and count of a correction factor are performed for every image data. 
However, this invention is not limited to this. For example, the electronic camera 1 1 
and the computer 31 memorize the lens information and the correction factor which 
were used once, and may reuse this stored data to amendment processing of another 
image data. In this case, it becomes possible to shorten the time amount of 
amendment processing of the 2nd henceforth. 

[0054] Moreover, in the operation gestalt mentioned above, it is desirable to prepare 
the recording mode of RAW data (an image processing is hardly added by the 
electronic camera side, but it is image data near immediately after the A/D conversion 
of an image sensor output) in an electronic camera side. In the recording mode of this 
RAW data, it is desirable to include lens information in the image file of RAW data, 
without performing amendment processing based on lens information, in addition, the 
case where lens information is included in the image file of this RAW data in the 
computer side (image-processing program side) — the image processings only for 
these RAW data (color interpolation processing etc.) — in addition, it is desirable to 
carry out additional implementation of the amendment processing based on lens 
information. 
[0055] 

[Effect of the Invention] «claim 1» An electronic camera according to claim 1 
amends limb darkening of image data based on the lens information about limb 
darkening of a taking lens. Therefore, it asks for the degree of limb darkening produced 
in image data based on lens information, and it becomes possible to determine the 
amount of amendments of proper limb darkening automatically. Therefore, there is 
especially no need that a user adjusts the amount of amendments in detail, and 
amendment processing of limb darkening does not take time and effort compared with 
the former. 

[0056] «claim 2» An electronic camera according to claim 2 acquires the opening 
data about two or more locations and paths of a pupil which are optically formed in a 
taking lens as lens information. An electronic camera searches for the quantity of light 
distribution on an image pick-up side from this opening data. The quantity of light 
distribution on this image pick-up side serves as exact data in consideration of 
****** of a taking lens, and the effect of the 4th power rule of cosine. An electronic 
camera amends the luminance distribution of image data in the direction which erases 
this quantity of light distribution inside. Consequently, it becomes possible to amend 
limb darkening still more proper. 

[0057] «claim 3» An electronic camera according to claim 3 amends the distortion 
aberration of image data based on the lens information about the distortion aberration 
of a taking lens. Therefore, it asks for the degree of the distortion aberration produced 



in image data based on lens information, and it becomes possible to determine the 
amount of amendments of proper distortion aberration automatically. Therefore, there 
is especially no need that a user adjusts the amount of amendments in detail, and 
amendment processing of distortion aberration does not take time and effort 
compared with the former. 

[0058] «claim 4» An electronic camera according to claim 4 acquires the 
correspondence relation between "the image quantity h of a taking lens", and the 
"image quantity hO of the ideal image point" as lens information. In order that the 
photographic subject light which penetrated the taking lens may carry out image 
formation of the place which should be carried out image formation to the image 
quantity hO to the image quantity h, distortion aberration, such as a slack type, a spool 
mold, and a military hat, arises. Then, an electronic camera carries out location 
amendment of the pixel location in the direction as for which the image quantity h 
carries out abbreviation coincidence at the image quantity hO based on this 
correspondence relation. Consequently, it becomes possible to amend distortion 
aberration still more proper. 

[0059] «claim 5» An electronic camera according to claim 5 amends the far and 
near distortion of image data based on the lens information about the far and near 
distortion of a taking lens. Therefore, it asks for the degree of a far and near distortion 
produced in image data based on lens information, and it becomes possible to 
determine automatically the amount of amendments of a proper far and near 
distortion. Therefore, there is especially no need that a user adjusts the amount of 
amendments in detail, and amendment processing of a far and near distortion does not 
take time and effort compared with the former. 

[0060] «claim 6» An electronic camera according to claim 6 acquires the include 
angle of the lens optical axis at the time of photography as lens information. An 
electronic camera asks for a far and near distortion produced from this include angle 
on an image pick-up side. For example, it can ask for the direction of a screen where 
a photographic subject becomes narrower from this judgment, or the degree which 
becomes narrower. An electronic camera carries out location amendment of the pixel 
location of image data in the direction which erases the effect of this far and near 
distortion inside. Consequently, it becomes possible for the far and near distortion of 
image data to stop being conspicuous, and to amend a far and near distortion still 
more proper. 

[0061] «claim 7» An electronic camera according to claim 7 is equipped with the 
operating member which forbids amendment processing of the amendment section. 
This operating member enables [ whether a user performs amendment processing of 
the amendment section, and ] it to choose free, in addition, when amendment 
processing is forbidden, as for an electronic camera, it is desirable to memorize lens 
information which was due to be used for amendment processing together with an 



image file (or an image file — to include). In this case, it becomes possible to take out 
lens information afterwards and to perform proper amendment processing to image 
data. 

[0062] «claim 8» An electronic camera according to claim 8 includes the lens 
information used for amendment processing of image data in an image file. Therefore, 
it becomes possible to take out lens information afterwards and to perform proper 
amendment processing to image data. 

[0063] «claim 9» An electronic camera according to claim 9 is exchanged in a taking 
lens. In this case, an electronic camera performs an information communication link 
with the taking lens under wearing, and acquires the lens information used for 
amendment of image data. Therefore, even if exchanged in a taking lens, it enables an 
electronic camera to perform amendment processing which suited the taking lens 
under wearing. Moreover, the time and effort of a user also adjusting the amount of 
amendments of amendment processing whenever it exchanges taking lenses in detail 
becomes unnecessary. 

[0064] «claim 10» An electronic camera according to claim 10 performs amendment 
processing according to the priority of ** limb-darkening amendment, ** distortion 
aberration amendment, chromatic-aberration-of-magnification amendment, and ** 
distance distortion amendment Hereafter, the fault when not following the 
above-mentioned priority is explained. First, when either of the ****s is amended 
before amendment of **, the circle configuration of limb darkening in a screen will be 
distorted by location amendment of a pixel location. Therefore, exact limb-darkening 
amendment becomes difficult. Moreover, when ** is amended before amendment of 
**, the configuration of the distortion aberration in a screen (or chromatic aberration 
of magnification) will be intricately distorted by amendment of a far and near distortion. 
Therefore, exact distortion aberration amendment (or 

chromatic-aberration-of-magnification amendment) becomes difficult. Therefore, by 
performing amendment processing according to the priority of ******, the 
above-mentioned fault is avoided certainly and it becomes possible to acquire the 
good amendment effectiveness. In addition, about distortion aberration amendment 
and chromatic-aberration-of-magnification amendment, since both are location 
amendments of image quantity, amending together, without establishing priority is 
desirable. That is, distortion aberration and the chromatic aberration of magnification 
can be amended in the unit of a color component at coincidence by carrying out 
location amendment of the actual image quantity to ideal image quantity. 
[0065] «claim 1 1» By executing an image-processing program according to claim 1 1 
by computer, it becomes possible to perform proper amendment processing to the 
image data in an image file based on the lens information recorded in the image file. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing an electronic camera 1 1 and a computer 31. 
[Drawing 2] It is a flow chart explaining actuation of an electronic camera 11. 
[Drawing 3] It is drawing showing typically the image pick-up side of an image sensor 
1 3, and physical relationship with two or more pupils. 

[Drawing 4] It is drawing showing the definition of the include angles epsilon and phi of 
the sensibility according to direction. 

[Drawing 5] It is drawing in which distortion aberration was visible to and having shown 
relation with a data table D (h) the direction. 

[Drawing 6] It is drawing explaining the generating situation of a far and near distortion. 
[Drawing 7] It is drawing which looked at the situation of drawing 6 B from the side. 
[Drawing 8] It is the flow chart of an image-processing program. 
[Description of Notations] 

1 1 Electronic Camera 

1 2 Taking Lens 

12a Memory in a lens 

12b Inside MPU of a lens 

1 2c Lens communication link contact 

13 Image Sensor 

1 4 A/D-Conversion Section 

1 5 Signal-Processing Section 

16 Bus 

16a Memory 

17 Inside MPU of Camera 
1 7a Amendment switch 

1 8 Image Amendment Section 

1 9 Picture Compression Section 

20 Record Playback Section 

21 Memory Card 

22 External Interface 

31 Computer 

32 Record Medium of Image-Processing Program 
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5t©«iEff»*««>r*liEr-r;l/*ffi«r*. 
[0 0 3 0] Jt«i£? l 3 0£ffl0JffKtfB£« 

3 ©HiftfifiCx, y)tefcttS#|R|g'JS& S xy( e . ■ «D)0 

ft£T?&9* 0 4K^-r«k5tc^s^^ns o c<da 

l#3£e, 0«\ Kl] 5 fcHJft* 

[»4] 



£=00S" 



D2 



$ <= cos -1 



^(*-x2) 2 +(y->-2) 2 +Z)2 2 J 

y-y2 i 



[554] 



V(*-*2) 2 + (y-y2) 2 



9. *§fiffi±OH^fiM(x.y)cD0^§^a(x,y)(i:, 



[&5] 
Sty(e;<&)/oP2 2 



o('.y)= f T^^^" ~-zdx2dy2 



fcft5,COi5Ja(x,y)^ MlK? 1 3fcftS£SS 

snsyaswijfcfcSo ^ct% agftffliEffii c 

a©^a^(x,y)tfetJ-5WS*a(x.y)%«»« 0 (ft- 
fc\ C©£?(C;£&fdm6©^32a(x,yM;:, jfft& 

? 1 3 ^xsm^mm 1 5 o^ii$«imEiM9tt« 



• • • [555] 

man 8 a, c©^a$MJ©a»»£3imLT, .assm 



reiwi ^uuz-iyuy/y 



CO 0 3 l ] Xf- >y XS 8 : Bf§ffiIEg|3 1 8 14, ±§2 
©£ a £#&fcMlET-X;l/£B&T-#©Bil{igfc: 

1 8(4, c©fflIE^£B{t7-*©^iiT3Bi!t{uB 
©B&tt£$ttS. ^©ISJH, H«r-*©JBIi2ilS#*< 

[0.0 3 2] Xr-yXS 9 : B^lilESP 1 8t4, Xf 

»;7s 3xmcisyxmm<D$>frt>, ^mmcmtz 

t-*t-7)ID (h) *m%t%o COf-?f-7 
(h) (4, ftffih£l!£ff&QftffihO£fr&&0 

D (h) = (h-hO) /h0 

115(4, £fti|J^©M*75ffcT-*-r-7*;l/D (h) t 

<Dmek**Lrcmx&z> 0 mmuyxi 2ft©i^ 

yXftttV 1 2 a£{4, CCid&'T— #f— 7VI/D 

(h) t\ m^mm^xsmmmm («¥**© try mb 

XrtMPUl 2 M4, lO«'J^ Jii£B#©£U£ 
Sgg|*3cfct;ji^Eg®z:^ofcx-^x-7*;l/D (h) * 

■r*. 

[0 0 3 3] Xf'^SlO: BfiffjEgfl 1 8 ii, B 
ft-r- * ©&BitftB (x, y) (Dim h 
[&6] 



[fefcU (xc,yc)l4*tt^©BiRttB] 

£ffl^T*#>3o BWf IEg|5 1 8 14, coiShfcf- 
*x-X;bD (h) i^S^VT, 
B»7] 



Jt'. 



y 

UD(h) 



W7] 



*Htffl U £iftiKM©B#*#lii? LfcSSffiBCx' , y ) 

[0 0 3 4] Xr>yXS 1 1 : BfftffIEg|5 1 814, X 
x<yXS 3?1#/cbyXtli$B©*fr5>, WBttfCDVyX 

[0 0 3 5] Xx>yXS 1 2 : 06t4, jIj£3I* (51 

©tt*T?fc«. ,£©*§£, ^{*fc»«ffia«FfrHfcfc 

?j, H6B«, iimoJil^yXl 2£®fflLT, ftp? 

tt¥#fc««iiio¥fTl««tfl«n§fc«>» l?« 
KiSBfiS*tf«4r*. E7t4, H6.B©ttJB*fl75rfr 



ho' vmmimdxi' , y \')iz®mtz>ztic& 

fflfiCxl'.yl')^ 
[&8] 



xl' - 



sl-f 



cosd 



Sl'f 

S l-f 

sl-f 



casd-y'and 



[358] 



yi'm 



sl-f 



sl-f 



[tcfcL. fim^smx&o, s umwmmx& 

*] 

ftfc, «»¥*©<£ d lc s 1 > f ©i§£i4, 
[&9] 



fcosB- y'sind 



jtf. 



[559] 



KifiiK-fSCfctfTtSo H^ffiiEgpl 8 14, 

K8] &L<14 K9] fc, Xf7 XS 1 OXXtbfc 

SSffiBCxl" , yl' )*B**ttfc**5. 
[0 0 3 6] X-r-y XS 1 3 : BfttilEgP 1 8 14, & 

mm<ommikmu\' , yi* B^fi©^gBB 

.^Tdo cot*, SBlROfflHffiBCxl'.yntt&l* 
Lfc«fflBgefte>tf&i/\» ^^T% BitfiIE£|Sl 8&, 
<SIBH©fl-lKK«ofcffLV«ffiB*ffl*L» *© 
frBiKffiBOB]KB«, JfittoaafflBCxl' . yl' )©B 

mmom^mnun mrmm) t^us^r*. c© 
(s 7~s 1 3) ££9, jafflw^ s 

[0 0 3 7] Xr>yXS l 4 : BfiElfcgB l 9 (4, ffi 
jE«ffl!«©B«T-**B«£E«LT, BfiEli7 7^ 

[0 0 3 8] Xx>yXS 1 5 : IB^S^g|5 2 0t4, B 
fiEIS7r-r;^^ ; eU*-K2 ltcfSSfSo J-X±© 

[0 0 3 9] [B««iS7*a 7*7A©Ii] 0 8 (4, 3 

yifa-^3 iK&ixnnzftzmmwmfufyi* 

*Wmt%Wnmx$>Z>o J-XT, B8©Xr>y7*#^c 

tot, B«naa7'py7i*©Biw*ff^o 

[0 0 4 0] X-r-yXS 3 1 : 3>tTa-^3n4, 
BfiESS7 7 -OlZim LTBfix- ^ tcMfo 
[0 0 4 1] Xy-yfS 3 2 : nyifa-^3n4, 



^ f=» Iwl - 



rxr; //Vi r~r ^ —i ~. s ,i ^ ^ ... AV'tVr; > - 



far*) z u u z — iyuy/y 



yxmm (iieoxx^s 6mi?nfd©) 

[0 0 4 2] Xf7^S33~S39 : nyt^-* 
3 Hi, H^E^7r^;^e®t#Lfclx>X1i^cS 
•CJV^T, ±$Lfc7x>y7S 7~S 1 3tP-<9ffilB& 

~ s 1 3 ©±ieui0^^#^-r § c t i: u cl T-oitt^ 
co o 4 3] &±<D-m<Dmmc&r)\ n?ti*7 1 1 

coo44] [*^«iico^^^ if] ^mmmmx 

, P»H □ r- £ fc > T jf ^ b > X© P IIM <fc 3 

[0045] ^.mmmmxn, ^ism^t— 7" 
[0046] ^mmmmxit, m&mfrttmiE 

[0 0 4 7] £fc, WF**7l lTtiffilET^-yxl 
n?j3*7l Hi, Hfix-^MlEfflcObyXtffg 

ma-en. wir-^^iEMc^^a-r 

lift 7 r Y ;Wc*t L T, 7 7 ■< © b yxmmicm-3 



[0 0 4 8] -gzic m^ti*? 1 1 ti> 



[0049] ^iwit-ti, ®®mmm§iEs 



[0050] ?e,f^ *HM^-<?t±, 
S*?ma^iS(xi' ,yi' ){cg-^i>Tiii^IcDli^S!i 

[0051] ±3iurc 
*]«6^T*{i; m&uyxi 2mfrt>yyxmmtLx 

(h) , ©mmm^m&nme, ®m&mmf, ts&v 

^71 lHJfr?>8ll^yXl 2l|iJtc^bfcUyX1ifS 

[0052] arc, ±^Lfcmmmmxit, m?**? 

<D-ai&v\ man, n&^mmmzmtjmmtztctib 
ic mimics mmT-z&&TS\syxmn<Dmk(D 
fr*ft?T&&\<\ nom^, if*^7i it>\ mm 

[0053] ±^Lrcmmmmva, mm?-* 

CT £ b > XM^f^ffiiE^cDlt^tf o T ^ 

l^y^-^3 1 
A\ -@^fflLfcUyXfffg^lIE^%IB1f.LT*3 

fflLTtcfc^o COif^ 2@@^©MjE5aScDB#^ 
Zfflfet Z> £ t ft Rl^c ^ ^ o 
[00 5 4] g;fc, ±iEL^)5S^^fcl/>T, RAW 

a wf--*©ie§^e- Ktftt, b>X1f|gfcS^< MtlE 

(iifiiaaxpx^Aiiij) t«> c<dr awt-^oi 
my 7 << Mcuyxmrn^gftT^rcms, z<dr a 

• uyxm mcm-3< WiEmmzmummt %> z tt>mz. 

[0 0 5 5] 

v%m(D%m imMm 1 » it Mm 1 ^tm<Dn?* * 
m^vyxoffim$.mmt%\syxmmz.m-3 



A» I — /4- I * *7 fT^l »T7 Srf M/./tmA: 



'•RFI5A z u u z — iyuy/y 



[0056] cnt&g 2 » mim 2 fcKtt©*?* * 5 

5 «S©tt©ffiB*5 * tf SfcM* * MP r- * ? 

^rift^Htt-r-^owa^^ttiE-rso wan, mi 

[0057] aura 3 > tmm 3 KE«oit? * * 5 
tt, Wt&isyxom&tiimmtz uyxmm^m^ 

XlflfifcS^T, ■•f f -*K:4i;*5ftiRtt©*^ 

Hrar*&»w*fc&<, fie*»cjt^TSitiiiR«oM 
[0058] cm&g 4 » it #e 4 (ciem©«? * * 7 

uyX1tf8i:LT, rjtKu>xo««hj i: ra 

x*isaLfcttTO^, am h 0 t«s»-r^s a c 3 

*(fcWhlcttfllf*fc»K, MIS!, 

M«fcStJv^r«fls h # « h h 0 KK-ar 
■xffii«<ftii4iiE-r«. *-©j&3i, sftiR£%S£3i 

[0059] {(fi*^ 5 > r&h 5 icmmvm?*) * ? 
it, m&isyx<Dim5.mwmir5 uyxmmzm-3^ 
x, mmT-$(DMj&mfr*ffiiEt%o *<Dtc&, vy 

[00 6 0] «ff 6 » 6 fcfEfc©*?* ^ 7 
H\ l^XUPRt LT. ^l^©b>Xftitt©£jJg£SX 

iff &o c©ftS^6flHWii±fc^i:« 

®«-r-^©iS3RffilB*taBffiiE-rSo ^©*SJI, Hit 
T^*©8££#tfiifc&<fc9, aB&£&£S£& 

[00 6 1] «J| Mm 7 > 11*31 7 fcffi«©S?* ^ 7 
ti, ffiiEap©ffiiE«ia%Sih-rs»^gPW%«[itSe c 



(£3iHi®{f!7 7Y;Mc-^6T) IEttLT*s<<:i:tf 

a«r-^K3iiE4«liE«ii!*«S-rc: fctf Rltefc&So 
[0 0 6 2] mmi 8 » HjRJH 8 tc|Bic©«?* * 5 
U\ ®«T-*©ffiE^gfcteffl*5b>X1t«*i®« 

[0 0 6 3] «f|^« 9 » HaRS 9 (CteictDm?* P< 5 

(i, a»-uyx*^«i«nSo c©«^, 

it, m%*<om%]syxtmmm*f7v-c. wir- 

zoffijEizmmtzuyxmmzmmtZo l/c#o 

©Ji^u^xtcii^L/cffiiEsaa^tT^ £ k^nucft 

§0 £fc, a— tf-*>, Jt»U>X*5E»-rsfctft % 
ffiiEftia©ffiiE**^-»IS'r if ©#H*^te4 

[oo64] cura 1 0 » m$.m 1 0 £iei©fli?# 

ffliE, (DaiS3l*ffiiE©fi5yifi[K6£oT, ^iiESaa^ 

S"f. ®©ffiiEfflfc(|)(D©v^n^©ffl 
IE*fTofc»£, H^(fifi©ffiiiffiiECJ:oTBiiirt© 

niaw^©n^*^A/-eLS^. ^©fc*, jE5i^^ 

*fTofc«^,- ilifiS*©«jiEfc:J:0, Biffirt©^*© 
IE) ^B«tt4So LTcft^X, 0)®®©«fe«ffifcfie 
ftiRMIiIE*3J;0 : ^feiRMffiiEti:ov^T^, 

«iE*ff 5 c ttmte u\ -r=&^^, fefiK»©¥ffl 

[0065] oMtm 1 1 » mim 1 1 i^m^mmm 
m-fti>? c 7L%=iyv:a.-5txmft-?z>££ic&v, m 
my rjjifticm&ztirci'yxmmcm^x, mm 

[Eiffi©^m^iiW] 

[01] ni-tit^i 1 fc^a'n^tfaL-^ 3 i%^-r 
[02] i?*^7i 1 ©fft^UiwrsijitngiT** 



[04] ismi&&<Dto&e, a>(Dfem**tmx*& 

[0 5] ^ffliRM^M^^^r-^x-^l/D (h) t 

[06] iSifi^^^^^^-r^STfe^o 
[07] 06B<D«r^«iJ73^?.M/c0Tfe?)o 

[08] MftiaayD^Aosi^-efeSo 
[flF^©!^] 

i i m?**? 

l 2 Wt&]/yX 
1 2 a uyXrt^^eu 

1 2 b b^XrtMP U 

i 2 c u>Xiifiig,6 

[0i] 



1 3 rnrnm? 

1 4 A/Daanau 

1 5 m^&ssb 

1 6 

1 6 a ^t'J 

1 7 A^7rtMPU 

1 7 a ffilE^-yf- 

18 IHttfilEgP 

1 9 mamm 

2 0 IB8?f£SP 

2 1 **y*-K 

2 2 ft^y$-7x-X 

3 1 nyifa-^ 

32 mimmfo^Lmmm^ 

[02] 




1 1 «=F*?<7 



BIT* A- 



15 



©3 
MS 



— J a/d| 

1 4 



12a l'2b 
MPU 
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12c 
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7 7 
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so 
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16a 
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18 
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0ft 
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mam 

v 



3 1 BlMlllIDIIIIIil 



vS8 



<DM&mm (h) «^ti 



^10 



*IE*«>Blft:r-**jgEiei,T 



E 



> 15 



GD 



uu 



[08] 



HQ BWEIt^T-f^rtt^^V,. 



om^fegau afl3Bft**«>* p * 33 
gggwgp (hi smi** ^ 



